The CO 2 polishing of femtosecond laser micromachined channels is studied. The surface quality before and after polishing is observed with naked eye and optical microscope. The method improves imaging of microspheres.
Introduction
Femtosecond laser micromachining is a precise fabrication method for micron-scale fused silica samples [1] . Due to its inherent properties, the surface roughness on fused silica is on the order of hundreds of nanometers. Recently, there have been efforts to introduce CO 2 laser processing to the femtosecond laser micromachined surfaces to reflow the glass material and create new shapes [2, 3] . Here we report surface roughness improvement of fused silica surfaces using low-power CO 2 treatment. We also show the application of such treatment to a microfluidic channel to attain better imaging quality of microspheres.
Fabrication
The fabrication process of CO 2 treatment on fused silica samples is shown in Figure 1 . A custom femtosecond laser micromachining setup was built for fabrication of 400μm wide and 100μm deep microfluidic channel in fused silica. Microfluidic channels were first irradiated using a femtosecond laser with 1kHz repetition rate, ~150fs pulse width, and 1μJ pulse energy. The scanning speed was 100μm/sec and 50X microscope objective was used for focusing. The surface channels were revealed after 1 hour in 15% hydrofluoric acid.
For CO 2 treatment of fused silica, we used CO 2 laser system from Epilog lasers. The power used was 2W with 6mm/sec scan speed and 5kHz repetition rate. The laser was used in Raster Scan mode with 1000dpi resolution. Only buried surfaces (bottom of the channels) were treated. The channels were sealed with another fused silica piece in a 700°C oven via thermal bonding. 
Results
The CO 2 treated channels show a clear improvement with naked eye compared to the untreated channel (Fig. 2a) . The opaque appearance of the untreated channel is a direct consequence of femtosecond laser micromachining. The microfluidic channels were connected to a peristaltic pump and 8μm polystyrene particles were flowed. An inverted microscope with a 10X objective reveals the difference between imaging quality of microfluidic surfaces before and after CO 2 treatment (Fig. 2b) . The island shaped surface structures are smoothed out due absorption and reflow of glass material at 10.6μm wavelength. It is important to note that only the bottom surface of the channel was exposed to CO 2 laser. Treating the outer regions with CO 2 laser may cause difficulty in glass-to-glass bonding due to reflow of glass. Future work should include using a higher magnification lens for CO 2 laser to reach much smaller channels. 
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